Isorhamnetin attenuates liver fibrosis by inhibiting TGF-β/Smad signaling and relieving oxidative stress.
Hepatic fibrosis is considered integral to the progression of chronic liver diseases, leading to the development of cirrhosis and hepatocellular carcinoma. Activation of hepatic stellate cells (HSCs) is the dominant event in hepatic fibrogenesis. We investigated the ability of isorhamnetin, the 3'-O-methylated metabolite of quercetin, to protect against hepatic fibrosis in vitro and in vivo. Isorhamnetin inhibited transforming growth factor (TGF)-β1-induced expression of α-smooth muscle actin (α-SMA), plasminogen activator inhibitor-1 (PAI-1), and collagen in primary murine HSCs and LX-2 cells. The TGF-β1- or Smad-induced luciferase reporter activity of Smad binding elements was significantly decreased by isorhamnetin with a concomitant decrease in Smad2/3 phosphorylation. Isorhamnetin increased the nuclear translocation of Nrf2 in HSCs and increased antioxidant response element reporter gene activity. Furthermore, isorhamnetin blocked TGF-β1-induced reactive oxygen species production. The specific role of Nrf2 in isorhamnetin-mediated suppression of PAI-1 and phosphorylated Smad3 was verified using a siRNA against Nrf2. To examine the anti-fibrotic effect of isorhamnetin in vivo, liver fibrosis was induced by CCl4 in mice. Isorhamnetin significantly prevented CCl4-induced increases in serum alanine transaminase and aspartate transaminase levels, and caused histopathological changes characterized by decreases in hepatic degeneration, inflammatory cell infiltration, and collagen accumulation. Moreover, isorhamnetin markedly decreased the expression of phosphorylated Smad3, TGF-β1, α-SMA, and PAI-1. Isorhamnetin attenuated the CCl4-induced increase in the number of 4-hydroxynonenal and nitrotyrosine-positive cells, and prevented glutathione depletion. We propose that isorhamnetin inhibits the TGF-β/Smad signaling pathway and relieves oxidative stress, thus inhibiting HSC activation and preventing liver fibrosis.